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MARITIME OBSERVATION SATELLITE PROPOSAL 


Tokyo NEC MOS-1 in Japanese Oct 79 pp 2-27 


(Text } This booklet coutains the outline of a proposal by Nippon Electric 
ompany [NEC] on the Maritime Observation Satellite No 1 (MOS-1), which was 
planned by the National Space Development Agency. 


[he main features of our proposal are listed below. 


@e We have adopted the bias momentum method, which is based on our past 
nt, is reliable, and works very well. 


acnieveme 


@ We propose module construction, which is expandable for future work and easy 


e Our development work will be based on independent, domestic technology that 
las grown from local fabrication of many satellites. 
MOS-1 will be the first Japanese satellite for observation of the earth. It 
will serve as a part of the development of the earth observation system, which 
will contribute to the effective use of our resources and the preservation of 
ur environmen... In order to observe maritime phenomena and to establish tech- 
logy that is common to earth observation satellites, MOS-l is intended to 


fulrill the following missions: 

e To observe the chromaticity and temperatures of ocean surfaces by a radio- 
meter for visible and near infrared radiation (MESSR), a radiometer for visible 
ind thermal infrared radiation (VTIR), and a microwave radiometer (MSR). 

e To learn operating techniques for solar synchronous satellites. 


e To learn operating techniques for earth observation satellites. 


@ To carry out basic experiments in position determination by using a data 


e To establish technology for domestic production of three-axes sateliites. 












ur achi nents and experience as the integrator of many comestically 
roduced sate!lites, ° nas been accumulating technology tor three-axes satel- 
Lice from our own research and development. We have also been developing the 
» which is an instrument for the major mission of MOS-l. The development 
f MOS-1 will be based on these achievements and it will follow the basic li- 
ics 11stea € iow: 
s utilize locally developed technology based on our achievements and exper- 
i is the integrator of more than 10 domestically produced satellites. 
@ to provide flexible on-board equipment to carry out the satellite's mission, 
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d t ssur xpanded applications for future satellites. 
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e To obtain technical support from foreign partners in order 


p-4 


n and to minimize risks in development. 
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yroit control thrusts 
Propellant 
umber of tanks 


Power supply system/solar cell paddle 


l newton x 6 
Hydrazine 19.6 kg 
2 


system 





Solar cell paddle 


Panel driviig method 
Panel 
Solar 
Glass cover 


Power -ration 
Charge regulator type power supply 


Bus voltage 
Batteries 


Satellite power consumption 


Airtrame Svstem 





Modular bus mission equipment 


Single shee: panel (folded six times) 
Size 

Bus module 

Mission module 

Solar cell panels 
Wwe ight 

iota 


Bus equipment 
‘lission equipment 
Propellant 


Margin 


Thermal control system 
SSS es <i SD 


Active thermal control 


hermal contro] 


Passive t 


One-axis clock control method 
10 m- 


(2 cm x 2 cm) 21,996 cells 


0.3 mm thick 
BOL 670 W; EOL 590 W 
29V 


NiCd 15 AH x 3 


519 W (148 W for bus equipment, 
371 W for mission equipment) 


1.4x*x1.5x1.0m™ 
l,l x 1.5x1.5 m 
8.1 x1.3m 


About 750 kg 


470 kg 
212 kg 
20 kg 
49 kg 


Thermal louvers, heaters, bimetals 


Radiators, thermal 





blankets, condensers 





Communication syscem/antenna system 





VHF Telemetry 
Command 
UHF DCS/SAR up 


L-band DCS/SAR down 


S-band Telemetry ) 


R & RR f 
Command 
R & RR 
R & RR 

USB Telemetry 
MSR 


X-band MESSR, VTIR 


Telemetry/command system 





136 MHz 
148 MHz 


Monopole antenna x 


406 MHz Quadrifilar helical antenna x l 


1543 MHz Quadrifilar helical 


1.7 GHz] 

2.1 GHz Quadrifilar helical 
Spiral antenna (for 

2.1 GHz} 


2.2 GHz Quadrifilar helical 


antenna x l 


antenna x 2 


transition)xl 


antenna x l 


8.4 GHz Turnstyle antenna x l 


Data stored during the invisible period and high speed playback during the 


visible period 
Stored commands 
Telemetry encoder 


Bit rate 
Number of entry 


Command decoder 


Bit rate 
Number of entry 


Data recorder 


Input channel 
Bit rate 


Piayback/record ratio 
Recording time 
Playback time 


1,024 bps 
About 480 


128 bps 
Maximum 252 (real time) 
Maximum 16 (stored) 


1 channel (2 tracks) 
1,024 bps (recording) 
26,624 (playback) 
26/1 

Minimum 105 minutes 
Minimum 4 minutes 





Mission equipment 





MESSR 


2 - 0.7 | 
6.0 - 7.0 Um 
10.5 - 11.5 um 
11.5 - 12.5 Um 


1 23 GHz 
2 31 GHz 


DCS/SAR relay (DCS/SAR) 406 MHz 
1,543 MHz 











functions 
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(h) (i) 
Ke 
(a) DCS/SAR receiver 
(b) DCS/SAR transmitter 


(c) High speed data processing section 
(d) X-band transmitter 

(e) USB transmitter 

(tf) Each subsystem 

(g) Paddle extension mechanism 

(h) Array 
(i) Heater 
(}) Heater control 


drive motor 


(k) Bimetal 

(1) Low speed data processing section 
(m) Passive thermal control 
(n) Yaw axis 
») Roll axis 
p) Sun sensor 

q) Terrestrial magnetism sensor 


5 | 
r) Pitch axis 
(s) Gas jet system, thermal control section 
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«Eb ake 


tLe 
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continued ] 





ontinuation of key 


l. Thrusters 

2. X-band antenna 

3. DCS/SAR up-link antenna 
4. USB antenna 

>. VHF antenna 

». DCS/SAR down-link antenna 
1unt dissipater 

8. Solar cell panel 

9. Thermal louver 
l 
l 
l 


Ws 


9 Visible, thermal infrared radiometer (VTIR) 





l. Sky horn 

2. Microwave radiometer (MSR) 

13. Visible, near infrared radiometer (MESSR) 

l4. Momentum wheel 

15. S-band transition antenna 

l6. Earth sensor 

17. S-band up-link antenna 

18. S-band down-link antenna 

19. MSR signal processing and driving sections 

20. MESSR and its controllers 

21. Propellant tanks 

22. DCS/SAR relays 

23. VTIR signal processing section 

24. Terrestrial magnetism sensor and electronic equipment to process the data 
25. MESSR signal processing section 

26. High speed data transmission section 

27. Sun sensors and electronic equipment to process the data 
28. VHF receivers 

2 VHF transmitters 

» 


=: 


S-band receivers 

31. Signal synthesizing circuit 

32. S-band transmitters 

33. Magnetic momentum control coil 

Electronic equipment for attitude orbit control 
355. Magnetic attitude control coil 

36. Boost converters 

37. Nutation damper 


38. Data recorders 
x9, Telemetry encoders 


Command decoders 


> 
— 
. 


41. Power supply control unit 
42. Batteries 





























BO Electric 

Weight power 

allocation allocation Reliability 

(kg) (watt) allocation 
Attitude orbit control system 50.7 14.3%! 0.8971 
Telemetry/command system 32.0 32.1 0.9725%*8 
Communication system 20.1 30.6%*2 0.9725 
Antenna system 10.7 -- 0.9938 
Power supply system 94.8*3 20.0%*4 0.9545 
Solar cell paddle system 57.4%) 13.0 0.9399 
Gas jet system 18.9 16.0*6 0.9516 
Airframe system 120.0 -- 0.9877 
Thermal control system 20.0 22.0*7 0.9846 
Mechanical and electrical instrumentation 45.0 -- (Included in 

the frame) 
Bus instruments 469.6 148.0 0.700*8 
MESSR 134.6 200.2 
VTIR 20.0 35.0 
MSR 54.0 120.0 
DCS/SAR relay 3.3 16.0 
Mission instruments 211.9 371.2 0.794 
Satellite dry weight 681.5 371.2 
Propellant 19.6 -- 
Margin 48.9 -- 
750.0 519.2 0.5*8 


Satellite total 





x1: Increases by 
unloading. 


*2: Increases by 6 watts when VHF TX is turned on. 


*3: Includes the weight of solar cells. 


4: Increases by a maximum of 83.8 watts when the 


*5: Does not include the weight of solar cells. 
*6: Increases by 6 watts when a heater is used, and by 9.8 watts when a 


thruster is blasting. 


are turned off. 


*8: Excludes the data recorder (allocation 0.9). 


~ 16 «= 


1.0 watt during roll/yaw control, 2nd by 1.3 watts during 


boost converter is used. 


*7: When a heater is on for orbit [control] only, while mission instruments 





4 : | " ‘ " } . , ~ 
Attitude Orbit Control System 


[The bias momentum method is used for the attitude orbit control system. The 
roll/yaw attitude and pitch control are maintained by a momentum wheel. The 
unloading and the roll/yaw control of the momentum wheel are controlled by a 


magnetic control method. Nutation of the satellite after its separation (from 
the launcher] is removed by a passive nutation damper, and nutation during the 
orbital operation is removed by an active nutation control. All attitude con- 


rols are carried out on board [i.e., not by command from the ground 


@e Notable design characteristics 





a vr 


@e Reliability and operability are secured by using the bias momentum method. 
@ Reliability and durability are secured by using a magnetic torquer. 

e Long frequency nutation is removed by an active nutation damper. 

@ Operations are simplified through on-board processing. 
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Key: '. Vertically extended 2. Horizontally extended 
paddle paddle (optional) 
Major data for the solar cell paddle system 
nfiguration Single sheet paddle, folded six times 
| Area of the solar cell panel 10.14 m*“ (1.3m x 1.3m x 6 sheets) 
haracteristic frequency Lateral proper frequency 0.369 Hz 
ifter the paddle is extended Twist proper frequency 1.433 Hz 
[Time required for extension 43-89 seconds 
Retention and release Retention wire and pimpler are used r 
mechanisms retention and release 
Mounting method on the Folded six times and mounted on the satellite's 
satellite roll side 
Drive method Single axis motor control by clock signals 
rive motor DC brushless motor 
mbined directionality +6° (through 6 adjustments per year) 
= Te 

















Structure method 


@e Design characteristics 





tnat 





The frame was designed to make integration easier by dividing it into the 
mission and bus modules. 





The airframe consists of a mission module, which houses mission equipment, and 
a bus module, which contains shared equipment. 
does not have a main frame. 


Each module uses an outer shell 






® Future expandability is guaranteed by adopting the module structure. 


e The outer shell 


structure facilitates instrumentation and checkout and effi- 


ciently uses the space that is available for mounting [the instruments]. 


Satellite structure, major dimensions, and weight 





Dimensions lL. on 


Mission module 
; 7 
Bus moduie 
Weight 
Mission modul 
ilsS1OI modu S 


Bus module 


Major structural 
- ee 
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ngth) x 1.5m (width) x 2.5m (height) 
l.lm (length) x 1.5m (width) x 1.5m (height) 


.4m (length) x 1.5m (width) x 1.0m (height) 
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sandwich structure 
f high strength aluminum alloy 
Core made of corrosion resistant aluminum alloy 


Structure 


Surface panel made of high strength aluminum alloy 
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Key: 


airframe system 


Composition of 
Base panel 


l. 


Adaptor ring 


3. 


Sun panel 


Space panel 
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Ant i-earth pane l] 


Earth panel 


6. 
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Tank panel 


8. 


Velocity panel 
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Solar cell 
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The thermal control system is based ona passive method, but it uses some active 
modes (thermal louver and heater) as well. The satellite surface consists of 
two panels. One panel actively controls thermal conditions by making its sur- 
face dissipate heat efficiently, while the other panel restricts heat exchange 
with the outside by insulating its surface with thermal blankets. The main 


part of the thermal control panel is the pitch side, and the auxiliary parts 
are the yaw side and roll side. 


The equipment in the bus system is mostly installed on the heat dissipation 

the thermal control panel, and the apparatus in the mission system that 
generates much heat is equipped with thermal louvers. The interior of the 
satellite is painted black to make the inside temperature of the satellite 


uniform. The gas yet system is equipped with a heater in order to prevent 
chilling. The temperature of the batteries is also controlled by a heater. 
s eS1s haracteristics 


@ Design is based on the passive type, which our company has much experience 
with, while the active type is also used to create an environment with safe 
temperatures. 

@ Operation is made much simpler by using thermal control elements which are 
driven and controlled on board. 


Thermal control system data 








Electric power for heaters 


is jet system 
<cluding the catalytic heater) 15 watts 


Thermal louvers 0.25m x 0.3m 10 units 
0.2 m x 0.22m 1 unit 
0.4 m x 0.22m l unit 
Passive heat dissipation surface 
tal area About 13.7m’, = 0.67 
Vesign temperatures 
Margins tor operating temperatures 
Critical apparatus O°C (Required: O°C or higher) 
ther apparatus 15°C (Required: 15°C or higher) 
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Color chart for the 
thermal analysis results 
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on cata transmission system, amc a data collection systen 
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eSign characteristics 

T&éC system used methods hat were also used on the ETS-III 
s possible. 
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ne SI ind -“pand are used [for the transmission or opserve 
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remodulation type has been adopted for DCS/SAR relay inc 
iture on-board data processing. 
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Data for Communication System 


TT&C system 











Telemetry 
VHF S-band USB 

Modulation method PCM-PM PCM-FM-PM PCM-FM-PM 

PCM-PM* 
Carrier wave frequency 136.11 MHz 1705.0 MHz 2280.0 MHz 
Modulation index 1.0 radian 0.35 radian 0.5 radian 

0.7 radian 

1.0 W 0.3 W O.1 W 


Transmission output 
Bit rate 

Code type 
Subcarrier frequency 
Command 





1,024 bps (real time), 26.624k bps (replay) 


Split phase level 
87.5 KHz 


*(replav) 

















VHF S-band 

Modulation method PCM-FSK/AM-PM PCM-FSK/AM-PM 
Carrier wave frequency 148.27 MHz 2115.6 MHz 
Modulation index 0.9 radian 0.4 radian 
Noise index 8.0 dB 3.0 dB 
Bit rate 128 bps 
FSK frequency "1" 8600 Hz, "0" 7400 Hz 
AM Modulation index 50 percent 
Ranging 7 

Up-link Down-link 





R&RR method 


Modulation method 
Carrier wave frequency 
Modulation index 
Subcarrier frequency 
PN code bit rate 

PSK frequency 


PN code ranging tone (distance) 


Two-way doppler (rate of change in distance) 


Simultaneous measurement from two different 


stations is possible 





PRN-PSK-PM 
2115.6 MHz, 2117.8MHz 
1.0 radian 


PRN-PSK-PM-PM 
1705.0 MHz 

0.35 radian/CH 
1.4 MHz, 3.6 MHz 





125 kbps 
500 KHz 


Observation data transmission system 





MSR/MESSR/VTIR 








X-band (MESSR/VTIR) 





USB (MSR) 
Modulation method PCM-PM PCM-MSK 
Carrier wave frequency 2286.0 MHz 8400 MHz 
Modulation index 0.7 radian -- 
Transmission output O.1 W 4.0 W 
Bit rate 2000 bps 8.78M bps 
BI¢-L serial NRZ-™ 


ode t ype 


[continued | 











DCS/SAR experiment system 





DCS/SAR __ relay 








Relay method 


Modulation method 
Carrier wave frequency 
Modulation index 
Subcarrier frequency 


Bit rate 
Code type 








Up-link Down-1link 
Remodulation type 
PCM-PM PCM-PM-PM 
406.0 MHz 1543.0 MHz 
1.2 radian 1.0 radian 
-- 200 KHz 
128 bps 


Biphase level 
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Major data for the command system 





1 channel (2 track) 












































Bit rate 
ommand format Type I Discrete commands 
Type II Discrete commands (without verification) 
Type III Magnitude commands 
Type IV Magnitude commands (without verification) 
Type V Stored commands 
Word configuration 
Command word length 8 bits 
Magnitude word length 14 bits 
Synchronous word length 19 bits 
Satellite address 7 bits 
Real time commands 
Discrete commands 254 (MAX) <All "O", excluding "1" code> 
Magnitude commands 32 (MAX) 
Stored commands 
Discrete commands 16 (MAX) 
Maximum delay time in 
command execution 18.2 hours 
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elemetry/command system 8. Command data 
ibsystems chart 9. Subsystem 
S-band command receiver 10. Remote telemetry unit 
3}. VHF command receiver ll. Telemetry encoder 
+. Magnitude command 12. Data recorder control section 
». Discrete command 13. Data recorder 
¢ To various sections 14. To transmitter 
] Command decoder 15. Timing pulse 





propellant tanks, six 
four shutoff valves, an 


achieve solar synchronous orbit after 
into its initial orbit. 
lar synchronous orbit during the mission period. 


4 


the installation and integration of the gas jet syst 
r equipment in the system has been concentrated on t! 


+ 


been formed into modular subsystems. Also, to min 
gravity as the propellant i: spent, the fuel n 
of gravity. The thrusters  .re arranged tx 
sensor contamination. Furthermore, to avoid external 
itellite’s attitude, the thrust axis of each thruster 
ter of gravity of the satellite. 





























Major data for the gas jet system 








Jrbit control 


Control inside the orbital plane + roll direction 2N 
THR - (1,2);(3,4) 
Control outside the orbital plane - pitch direction 2N 


THR - (5,6) 
Propellant tanks 
[vt Titanium alloy, spherical, all welded, 
contains bladder, polar mount type 
apacity 9.8 kg 


3 ~~. AL 
Number Two tanks 


Ty} IN thruster, unit coupled with propellant 
italysis Shell 405 
Number Six units 
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@e ‘\isidle near-infrared radiometer 


ible near-infrared radiometer (MESSR) maps light reflected from the 
ground and sea surfaces in four colors between visible light and near-infrared, 
id it gathers maritime information such as sea surface pollution and water 
in two-d 


lor. A D sensor with 2,048 elements is used to obta imensional 


images by using electrical scanning and orbital motion. 


scanning width on the ground is about 100 km, and one image element cor- 
resp to about 50 m x 50 m on the ground. The processed digital signals are 
transmitte yy the high speed data transmission section at the rate of 3.78 
Mbit /sec The data from the visible thermal infrared radiometer are multi- 


plexed in the MESSR signal processing section. MESSR signals are transmitted 
in the X-band, similar to the frequency planned for Landsat-D. 


e Visible thermal intrared radiometer 


he purpose of the visible thermal infrared radiometer (VTIR) is to collect 
iata on cloud and sea surface temperatures. It maps the images of land and 
sea wit isible and thermal infrared wavelengths. For this purpose, VTIR 
is isible band and three infrared bands and rotates a scanning mirror by 


i mechanical rotating scanning method. The collected data are transmitted after 
they are mult iplexed onto the MESSR signals. 


= Image 


elements 





Flectronic scanning 
etector CCD array 


4.) urad 


at ir a 
a 1O2 km 
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erating litions Alternating operations of two opitcal 
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Yata for VTIR 
Scanning method Mechanical rotation scanning method 
Instantaneous field of vision 1 m rad (Visible [|wavelength! 

3 m rad (Thermal [infrared wavelength] ) 
Scanning width 1,500 km 
Scanning time 0.137 sec (one rotation) 
Observation wavelength (um) 0.5-0.7 


e Microwave radiometer 


The microwave radiometer (MSR) maps images of land and sea with microwave band 
to acquire data on the amount of water vapor on the ocean surface and in the 
atmosphere, the amount of water, and sea ice. MSR uses two microwave bands 
for this purpose, and rotates an antenna by the mechanical rotation scanning 
method. 


Data for the microwave radiometer 








Scanning method Mechanical rotation scanning method 
dth 2.4° Lower than [the indicated angles] 
(23 CHz) 
1.8° Lower than [the indicated angles] 
(31 GHz) 


Scanning width 320 km 


Scanning time .2 sec (one rotation) 
Observation frequency 23.8 GHz 
31.4 GHz 
Temperature resolution 1°K (23 GHz) 
| _ . (Estimated values) 
3°K (31 GHz) 
@ SAR + 
| .R relay receives UHF band signals from a ground station and reemits 
them in the band. Basic experiments, such as determining the location of an 
ybject the ground using the Doppler effect, are carried out using this 
rela 
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